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turn 
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;  second  -  - - -  - - - 

ficcotiil  (or  hour) .  . 

nee.  for  hr  *  > 
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|  weight  of  i  kilogram... 
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weight  of  1  pound.. 

lb. 

f> 

■  horsepower  (metric; . 

horsepower. .  _  _ _ 

bp. 

>>;  t  .  .  ... 
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i /kilometers  per  hour. ..... 

(meters  per  second _ _ 

j 

k.pli. 

mp*. 

miles  per  hour.  . - - 

feet  per  second 

•‘Up.lt. 
f  p.s. 

2.  GENERAL  SYMBOLS 


Weight  “  mg 

Standard  acceleration  of  gravity  —  9.80065 
m/s*  or  32.1740  ft./sec.’ 

,J  :  .  .  t 
Moment  of  inertia  *»  rnk*.  (Indicate  axia  of 

radius  of  gy  ration  Jt  by  proper  subscript.) 

OooUicieot  of  viscosity 


if.  Kinematic  viscosity 

0,  Density  (mass  per  unit  volume) 

Standard  density  of  dry  air,  0.12497  kg-m  at 
15°  C.  and  760  mm;  or  0.002378  lb. -ft."1  see.1 
Specific  weight  of  “standard”  air,  1.2255  kg/ m*  or 
0.07651  lb./cu.ft. 


3.  aerodynamic  symbols 


A  tt‘v 

Ar.-a  of  wing 
Cap 
Span 
Chord 

Aspect  ratio 

True  asr  speed 

Dynamic  procure  —  l,pV* 

Uft,  absolute  coefficient  Ct,  —  -k 
m  1* 

Drag,  absolute  coefficient  C!t  - 


D, 


Profile  drag,  absolute  coefficient  Cn,  — 

Induced  drag,  absolute  coefficient  Co, — 

Parasite  drag,  absoluto  coefficient  CD , 

Cross-wind  force,  absolute  coefficient  C0‘ 
Resultant  force 


0 

’«3f 


im,  Angle  of  setting  of  wings  (relative  to  thrust 
line) 

is,  Angle  of  stabilizer  setting  (relative  to  thrust 
line) 

Q,  Resultant  moment 
0,  Resultant  angular  velocity 

»  Reynolds  Number,  where  I  is  a  linear  dimension 
**  (e  g.,  for  a  model  airfoil  3  in.  chord,  1  <X> 
m.p.h.  normal  pressure  at  15°  C.,  the  cor¬ 
responding  number  is  234,000;  or  for  a  mode! 
of  10  cm  chord,  40  m.p.s.  the  corresponding 
number  is  274,000) 

C„  Centcr-of-pressure  coefficient  (ratio  of  distance 
of  c.|>.  from  loading  edge  to  chord  length) 
a,  Angle  of  attack 

«,  Angle  of  down  wash 

dr„  Angle  of  attack,  infinite  aspect  ratio 

a,,  Angle  of  attack,  induced 

cu,  Angle  of  attack,  absolute  (measured  from  tarn- 

lift  position) 
v.  Flight-path  angle 
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SUMMARY 

lists  wire  made  in  t  hr  7-  by  III- foot  whit/  t  linin' 
mill  in  tin ■  'JO- foot  tiiimrl  of  thr  National  At! risory 
I  ominittee  for  Aeronautics  to  determine  thr  drtuj  of  n 
n  it  in /nr  of  airplane  whirls,  irhrrl  fairinys,  and  lanil- 
iny  years  desii/ned  or  sr/rrfrtl  for  itn  air  pin  nr  of  ,1,000 
/ion nils  tyross  weiyht.  All  trsts  were  tinii/r  on  full- 
sized  models;  thosr  in  thr  7-  In/  10-foot  tun  nr!  were 
iiini/r  at  air  sprnls  up  to  Sit  nii/rs  /n  r  hour  anil  thosr 
in  thr  JO- foot  tun  nil  wrrr  inili/r  of  air  sprnls  up  to 
too  inilrs  prr  hour.  Afthoui/h  most  of  thr  landiiii/- 
i/mr  trsts  wrrr  intit/r  in  run  junction  with  it  fuselayi 
anil  at  0°  pitch  ant/le,  sonic  of  thr  tests  wrrr  mailr  in 
conjunction  with  thr  fuse/aye  plus  iriuys  and  a  radio1 
uir-roolcd  rni/inr  and  at  pitch  tiny/es  from  -.7°  to  O 
to  obtain  an  indication  of  thr  yeneral  effect  of  these 
carious  items  on  landiny-year  drat/.  AH  tests  wen 
made  in  the  absence  of  /impeller  slipst ri.a in . 

The  results  of  thr  inrestiyation  show  that  the  lowest 
dnuj  recorded  for  an;/  landini /  year  tested  was  /./ 
pounds,  at  HH>  miles  per  hour  and  O  pitch,  and  that 
it  mii/ht  be  possible  to  reduce  this  lira;/  a ppro.ei iniitel ;/ 
ti  pounds  b;/  total/;/  •  ncasiny  the  wheels  of  this  year 
in  fairinys.  The  hiyhest  landiny-year  dray  recorded 
was  HM  pounds.  Other  points  of  interest  broui/ht  out 
were:  r  ittin;/-pl us-intei  feri  ncr  dra;/  of  ordinary 
types  of  laiulin;/  years  arerayes  about  J.j  jiercent  of 
*he  drill/  due  to  thise  t/cars;  low-pressure  wheels  and 
tires  mu;/  be  used  with  little  or  no  increase  in  landiny- 
year  dra;/;  the  proper  wheel  fa' rim /  ina y  reduce  the 
dra;/  due  to  a  land  in;/  year  more  than  an;/  other  re¬ 
finement;  fair! ni/  of  all  struts  is  of  yn  at  tin portancr ; 
and  landini/  years  hariny  a  sini/le  sv  pportiny  strut 
hare  less  dra;/  than  an;/  other  types  of  nonretractiiiy 
years.  Also,  the  substitution  of  low-dra y  or  retrac¬ 
table  la  ml  ivt/  years  for  con  rentioiud  types  on  hii/h- 
dray  airplanes  results  in  a  nci/lii/ible  increase  in  hi;/h 
speed .  f.ow-dray  or  retract  able  years  used  in  place  of 
con  Cent  ional  years  on.  low-dray  airplanes  result  in  a 
substantial  increase  in  hiyh  s/wed  or  sarinty  in  power 


at  the  same  s/teeil,  the  low-drai/  yiile  iirenm/ilis/iim/ 
a  la  rye  percent  aye  of  the  yain  obtainabh  from  tin  use 
j  "  fth  e  retract  able  year. 

INTRODUCTION 

Althonph  tlu*  drnp  of  tin*  laudiup  pear  Inis  b<vti 
known  to  constitute  a  larpe  portion  of  tlu-  total  drop 
of  an  airplane  in  flipltt  (see  references  1,  J.  ami 
practically  no  systematic  research  lias  lieen  <!one  for 
the  express  purpo  e  of  improvin'!  the  aerodynamic 
characteristics  of  landing  "ears.  In  recent  years  de¬ 
signers  have  successfully  attacked  the  problem  and  in 
some  cases  have  designed  landing  pears  that  can  lie 
partly  or  fully  retracted  in  lliplit.  Little  informa¬ 
tion.  however,  is  available  concernin'!  the  compara¬ 
tive  drops  of  nonretractinp  landing  peats  and  their 
component  parts,  the  aerodynamic  interference  be¬ 
tween  the  parts,  or  the  decree  to  which  attempted 
refinement  of  such  {rears  may  be  successfully  carried 
out. 

The  present  investigation  was  made  to  obtain  data 
concernin'!  the  followin'!:  The  dra{!  of  wheels;  the 
aerodynamic  interference  la-tween  wheels  and  struts; 
the  dray  of  a  wheel  with  various  wheel  fairinps;  the 
drajr  of  wheels  and  {real's  in  yaw;  the  dra{!  of  different 
types  of  landing  {rears;  the  effect  of  whips  and  a 
radial  air-cooled  enpine  on  landin{r-{rear  drii{r:  the  ef- 
I  feet  of  changes  in  pitch  anple  on  landiti{!-{!car  drop: 
and  the  effect  of  various  modifications  to  landini’' 
{rears  on  their  dra}!.  From  these  data  an  analysis  of 
;  landiii}!-{!ear  dra}!  was  made  and  an  indication  of  the 
lowest.  dru}r  obtainable  with  a  noiiretractiii}!  landini: 
■rear  obtained.  The  investigation  included  tests  of 
:>  types  of  wheels.  (!  types  of  wheel  fairings  with  -‘l 
nuMlifications.  and  '2\!  different  landiit}!  {rears  with  a 
total  of  idi  modifications  fo  these  pears. 

All  the  landinp  pears  tested  were  attached  to  an 
o|ien-oookpit  fiiselape  and  the  tests  were  made  without 
pro|K«Uer  slipstream.  Most  of  the  tests  were  made  at 
0“  pitch  anple  and  without  whips  or  an  ciipinc 
attached  to  the  fiiselape.  However,  the  effects  of 
whips,  of  a  radial  air-cooled  enpine  with  and  without 
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cowling.  ami  of  pitch  angle  on  a  mimhcr  of  different 
landing  pairs  were  measured. 

The  landing-p‘ar  program  has  been  extended  to  in¬ 
clude  tests  on  other  types  of  landing  pairs,  the  results 
of  which  will  he  presented  in  subsequent  reports. 

APPARATUS  AND  METHODS 

TUNNELS 

The  7-  by  10-foot  wind  tunnel,  in  which  a  part  of 
the  landinppair  drag  investigation  was  made,  is  fully 
described  in  reference  4.  The  standard  force-test 
model  support  was  used.  Tests  were  made  in  this 
tunnel  to  determine  the  drag  of  wheels,  the  aerody¬ 
namic  interference  between  wheels  and  struts,  the 
drag  of  the  S. 50-10  wheel  with  various  wheel  fairings, 
the  drag  of  half  of  landing  gear  ga  with  various 
modifications,  and  the  drug  of  the  K.50-10  wheel  and 
half  of  landing  gear  ga  in  yaw. 

The  gO-foot  propeller-research  wind  tunnel,  in  which 
the  remainder  of  the  tests  were  made,  is  descrilied  in 


reference  ft.  The  method  of  supporting  the  test  >et- 
Ups  on  the  balance  is  shown  in  ligure  1.  Tests  were 
made  in  this  tunnel  to  determine  the  drag  due  to  land¬ 
ing  gears  used  in  conjunction  with  a  fuselage,  wings, 
and  a  radial  air-cooled  engine. 

TEST  MODELS 

All  models  tested  Were  designed  for  an  airplane  of 
3.000  |  toll  lids  gross  weight  because  full-scale  models 
cone  (Siiiiling  to  this  weight  were  the  largest  that 
could  be  conveniently  accommodated  in  the  tunnels 
used  tor  the  testing. 

Wheels. —  The  five  different  wheels  and  tiles  used 
in  the  tests  were:  An  H.f»u -10  low-pressure  wheel  and 
tire:  a  gT-ineh  streamline  wheel  and  tire:  a  iff*  by 
11-4  extra-low-pressure  wheel  and  tire:  a  30  hv  .">  disk 
wheel  with  a  30  by  high -pressure  tire:  and  a  3n  hv 
disk  wheel  with  a  3g  by  0  high-pressure  tire.  (See 
fig.  g)  The  g  wheels  with  the  high -pressure  tires  were 
taken  from  service:  the  other  3  were  wooden  model' 


hut  nit  1. — Landing  gear  Hh  with  wlte»*|  fairing  A  mounted  on  1  «*xt  ftwhtgi'. 
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SUMMARY 

Tints  inn  in  ill/ 1-  in  t/n‘  7-  luj  Ut-foot  icimf  tunin' 
iiiul  in  tin ■  .Ill-foot  fu n nit  of  tin'  Notional  Ail rixon/ 
t  ommittee  for  Aeronautics  to  determine.  the  ilraij  of  n 
nuiiiiii/'  of  it  i /■//In  nr  wheels.  ir/irrl  fairings.  a  ml  land¬ 
ing  gears  designed  or  selected  for  an  airplane  of  .iJK/ll 
/ioii mis  gross  weight .  All  fists  irrrr  iniii/r  on  full- 
sized  m  mills;  thosr  in  thr  7-  bg  10-foot  tun  nil  trim 
nun/ 1  at  air  speeds  u/i  to  HO  milt  s  /n  r  hour  anil  thosr 
in  thr  JO- foot  tun  nr!  irm'r  iiiiulr  at  air  speeds  u/i  to 
OKI  inilrs  /n  r  hour.  Although  most  of  thr  landing- 
gear  tints  irrrr  made  in  conjunction  with  a  fusefai/i 
mnl  uf  0°  pitch  angle,  some  of  the  tents  wi  re  iniii/r  in 
con  junction  with  the  fuselage  plus  wings  anil  a  ratlin1 
uir-roo/nl  r/ujiur  am I  at  pitch  angles  from  -  ~/°  to  I! 
to  obtain  an  inti  lent  ion  of  thr  general  effect  of  these 
carious  items  on  landing-gear  drag.  All  tests  wen 
iinlili:  in  the  absrnci  of  propeller  s/i/ist n:ti in. 

7  hr  results  of  the  i n  rest ii/ut ion  show  that  the  lowest 
drag  recorileil  for  an;/  landi.ni/  //car  testeil  was  hi 
pounds,  at  Its  I  miles  per  hour  ami  O  pitch ,  mnl  that 
it  might  be  possible  to  mince  this  drag  iippro.riniilfc/;/ 
ti  pounils  In/  t  of  ill  It)  emus  ini)  the  whirls  of  this  i/inr 
in  fairings.  The  highest  landing-gear  drag  recorileil 
was  !)S  pounils.  Other  points  of  interest  brought  out 
were;  h  it t i ng- plus-i ntcrfrri  nee  drag  of  ordinarg 
tUpes  of  landing  gears  a  rerages  about  percent  of 
the  il rili/  ili/e  to  t la  se  gears;  low-pressure  wheels  anil 
tins  iiiiii/  be  i/sell  with  little  or  no  increase  in  hinilini/- 
f/eitr  lira//;  the  proper  wheel  fairing  nun/  rr/lurr  the 
ilea  a  ilue  to  a  /mnl  ini/  //ear  more  than  an;/  other  re¬ 
finement;  fairing  of  all  struts  is  of  great  i in  porta  nee ; 
mnl  landing  gears  haring  a  single  supporting  strut 
hare  less  lira//  than  an;/  other  t;/pes  of  noun  tract  ini/ 
i/i  ars.  Also,  the  substitution  of  low-itra;/  or  retrac¬ 
table  lain/irii/  //ears  for  con  rentional  ti/pes  on  hii/h- 
ilraij  airplanes  results  in  a  nei/lii/ible  increase  in  hii/h 
speeil.  f.ow-il rili/  or  retractable  //ears  useil  in  place  of 
conventional  //ears  on  low-ilrai/  airplanes  result  in  a 
substantial  increase  in  hi/jh  s/weil  or  sarin;/  in  power 


at  the  same  speed,  the  low-d rili/  i/eiir  arcoin plishiiu/ 
il  large-  perce nt/u/e,  of  the  gain  obtainable  from  the  use 
of  the  retractable  gear. 

INTRODUCTION 

Although  the  drn<r  of  the  1st  in  I  i  n<r  <jesir  lists  I  seen 
known  to  eoiistitnte  si  large  portion  of  the*  total  drag 
of  an  airplane  in  flight  (see  references  1.  \i.  ami  •'>). 
practically  no  systematic  research  has  been  done  for 
the  express  purpo  e  of  improving  the  aerodynamic 
characteristics  of  landing  gears.  In  recent  years  de¬ 
signers  have  successfully  attacked  the  problem  and  in 
some  cases  have  designed  landing  gears  that  can  be 
partly  or  fully  retracted  in  flight.  Little  informa¬ 
tion,  however,  is  available  concerning  the  compsira- 
tive  drags  of  non  retracting  landing  gears  and  their 
component  parts,  the  aerodynamic  interference  be¬ 
tween  the  parts,  or  the  degree  to  which  attempted 
refinement  of  such  gears  may  be  successfully  carried 
out. 

The  present  investigation  was  made  to  obtain  data 
concerning  the  following:  The  drag  of  wheels;  the 
aerodynamic  interference  la-tween  wheels  and  struts; 
the  drag  of  a  wheel  with  various  wheel  fairings;  the 
drag  of  wheels  and  gears  in  yaw;  the  drag  of  different 
types  of  landing  gears;  the  effect  of  wings  and  a 
radial  air-cooled  engine  on  landing-gear  drag:  the  ef¬ 
fect  of  changes  in  pitch  angle  on  landing-gear  drag: 
and  the  effect  of  various  modifications  to  landing 
gears  on  their  drag.  From  these  data  an  analysis  of 
landing-gear  drag  was  made  and  an  indication  of  the 
lowest  drag  obtainable  with  a  nonretracting  landing 
gear  obtained.  The  investigation  included  tests  of 
o  types  of  wheels.  (1  types  of  wheel  fairings  with 
modifications,  and  *2*2  different  landing  gears  with  a 
total  of  55  modifications  to  these  gears. 

Ail  the  landing  gears  tested  were  attached  to  all 
o|M>n-cockpit  fuselage  and  the  tests  were  made  without 
propeller  slipstream.  Most  of  the  tests  were  made  at 
<*“  pitch  angle  and  without  wings  or  an  engine 
attached  to  the  fuselage.  However,  the  effects  of 
wings,  of  a  radial  air-cooled  engine  with  and  without 
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made  to  a  tolerance  of  ^  1  '42  inch.  All  tires  had 

smooth  treads. 

Wheel  fairings. — The  wheel  fairings  were  designated 
by  letters  A  to  F,  inclusive,  with  numerals  added 
when  necessary  to  indicate  modifications  to  the  basic 
form.  (See  tigs.  4  to  !>.)  Fairings  A.  11,  and  ('  dif¬ 
fer  only  in  cross  section;  fairing  l)  differs  in  cross 
section  and  has  a  cut-out  in  the  side  equal  to  the  tire 
diameter  (S.oO-fO  wheel  and  tire);  fairing  E  consists 
of  a  short  tail  and  a  small  fairing  that  partly  covers 
the  inside  of  the  wheel;  and  fairing  F  covers  only  a 
small  portion  of  the  inside  of  the  wheel.  All  the 
fairings  were  made  from  sheet  aluminum. 

Fuselage,  wings,  and  engine. — In  order  to  conform 
with  the  other  models,  the  fuselage  used  in  conjunc¬ 
tion  with  the  landing-gear  tests  was  constructed  to 
the  average  fuselage  dimensions  of  an  open-cockpit 
airplane  of  4.000  pounds  gross  weight.  (See  fig.  17.) 

Two  rectangular  wings  of  Clark  V  section  were 
attached  to  the  fuselage  for  part  of  the  tests.  A  4 1  ..- 
by  l.Vfoot  wing  was  used  to  simulate  the  lower  wing 
of  a  biplane  cellule  and  a  t>-  by  ls-foot  wing  was  used 
to  represent  the  wing  of  a  low-wing  monoplane.  A 
Wasp  radial  air-cooled  engine,  cowled  and  uncowlcd. 
was  used  during  some  of  the  tests  to  determine  its 
effect  on  the  landing-gear  drag.  The  relative  loca¬ 
tion  of  the  fuselage,  the  engine,  the  wings,  and  the 
landing  gears  is  shown  in  figures  17  and  4< >. 

Landing  gears.  -The  landing  gears  numbered  In  to 
llh  (see  figs.  IS  to  A4 )  were  attached  directly  to  the 
fuselage,  dears  1*2  to  14c  (figs,  do  to  40)  were  at¬ 
tached  to  the  fuselage  and  the  (i-  by  iS-foot  wing. 

All  landing  gears  were  designed  to  comply  with  the 
requirements  of  the  Aeronautics  Branch.  Department 
of  Commerce.  Design  outside  dimensions  were  strictly 
adhered  to  in  the  fabrication  of  the  various  parts. 
Although  information  concerning  the  relative  weights 
of  the  landing  gears  would  he  of  considerable  interest, 
any  attempt  at  weight  analysis  would  he  too  involved 
to  come  within  the  scope  of  this  report.  The  standard 
dimension  chosen  for  the  vertical  travel  of  the  wheel 
was  a  inches,  and  for  the  wheel  tread.  ('•  feet  <i  inches. 
All  round  struts  were  encased  in  fairings  of  Navy  1 
strut,  section,  fineness  ratio  :5.  In  cases  where  stream¬ 
lined  tubing  was  used,  the  tubing  was  of  “standard" 
section,  which  is  a  modification  of  Navy  1  strut  sec¬ 
tion.  In  some  instances  tandem  struts  were  faired 
together,  this  being  done  in  accordance  with  the  rec¬ 
ommendations  of  reference  <i.  A  few  of  the  landing 
gears  incorporated  wire  bracing  in  their  structures. 

I  he  type  of  wire  used  was.  in  all  cases,  that  commonly 
referred  to  as  “streamlined"  wire,  although  it  is 
really  lenticular  in  cross  section. 

The  oleo  action  of  all  gears  was  strictly  conven¬ 
tional  with  the  following  exceptions;  Dears  lb.  1c, 


•2b,  2c.  11a.  and  llh.  as  tested,  would  have  to  use  ail 
oleo  shock  absorber  in  the  fuselage  with  a  suitable 
linkage  to  give  the  required  wheel  travel  or  have  one 
incorporated  in  the  wheel.  Dear  in  would  have  the 
oleo  shock  absorber  in  the  wheel  or  inside  the  wheel 
fairing.  Dears  4b,  4c.  14.  and  14a  would  require  a 
splined  oleo  shock  absorber  or  its  equivalent.  Dear 
12  could  have  a  convent ioiiel  oleo  strut  but  the  wheel 
would  swing  about  a  point  directly  in  its  rear. 

TESTS 

The  only  measurements  taken  during  the  tests  were 
air  speed  and  drag.  The  maximum  a  r  speed  used  in 
the  7-  by  10-foot  tunnel  was  so  miles  per  hour,  that 
l>eing  the  maximum  obtainable;  the  maximum  speed 
used  in  the  20-foot  tunnel  was  10(1  miles  per  hour. 

Wheel  tests. — The  drag  of  I  lie  wheel-and-tire  units 
was  measured  at  air  speeds  up  to  so  miles  per  hour. 
Throughout  the  entire  investigation  the  K..70-KI  wheel 
ami  tire  was  taken  as  the  standard  unit  because  it 
appeared  to  be  the  most  commonly  used  in  service. 
Ihe  selection  was  made  solely  for  comparative  pur- 
pi  >ses. 

Aerodynamic  interference  between  wheels  and  a 
strut. — The  interference  drag  created  by  having  a 
wheel  and  a  length  of  strut  in  close  proximity  was  de¬ 
termined  for  all  wheels  used  in  the  landing-gear  inves¬ 
tigation.  Two  different  strut  sections  were  used  sep¬ 
arately  for  this  work:  one  was  id'  Navy  1  section.  2’ , 
bv  (i;bi  inches,  and  the  other  was  of  circular  section 
with  a  diameter  of  2'  ,  inches.  Each  strut  was  hinged 
at  the  wheel  axle  and  the  angle  between  the  wheel  and 
the  strut  was  varied  in  successive  steps  from  ir  to  !>< ) 
during  the  test.  The  interference  drag  was  obtained 
by  deducting  the  sum  of  the  wheel  drag  and  the  strut 
drag  from  the  drag  of  the  combination.  Figure  4 
shows  the  arrangement  of  a  wheel  and  strut. 

Wheel-fairing  tests.  I  he  s.fiO-lo  wheel  and  tire  was 
tested  with  wheel  fairings  A.  B.  D.  and  E  at  air 
speeds  up  to  so  miles  per  hour.  All  modifications  to 
these  wheel  fairings  as  tested  alone  are  shown  in  fig¬ 
ures  4  (o  s.  inclusive,  t  'licck  tests  were  made  on  most 
of  these  models  in  the  20-foot  tunnel  at  air  speeds  up 
to  loo  miles  per  hour. 

The  8.50—10  wheel  in  yaw.  The  drag  of  the  S..VI-10 
wheel  was  measured  at  air  speeds  up  to  so  miles  per 
hour  with  the  wheel  yawed  in  successive  steps  from 
I.V  to  l.Y  . 

Tests  on  half  of  landing  gear  2a  with  8.50-10  wheel. — 

Tests  were  made  oil  a  complete  half  of  landing  gear 
2a  with  (lie  n.5o  10  wheel  and  wheel  fairings  A,  B. 
('.  D.  E.  and  I1'  with  various  modifications.  Details 
of  all  modilicat  ions  are  shown  in  figures  11  to  ft!, 
inclusive.  Most  of  these  tests  were  made  in  the  7- 
hy  lo  foot  tunnel  at  air  speeds  up  to  so  miles  |«>r 
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hour,  but  a  few  tests  were  cheeked  in  the  '20-foot  tun¬ 
nel  at  air  speeds  up  to  100  miles  per  hour. 

Half  of  landing  gear  2a  in  yaw. — One-half  of  landing 
gear  2a.  equipped  with  the  8.50-10  wheel,  was  tested 
for  drag  at  various  angles  of  yaw  at  air  speeds  up  to 
NO  miles  per  hour.  The  half  gear  was  yawed  in 
successive  steps  from  15°  to  —  lf»°. 

Tests  at  0°  pitch  of  landing  gears  mounted  on  fuselage 
or  fuselage  and  wing. — Gears  la  to  lib,  inclusive,  with 
various  modifications,  were  tested  for  drag  in  con¬ 
junction  with  the  fuselage  alone.  Gears  14a,  14b.  and 
14c  were  tested  in  conjunction  with  the  fuselage  and 
0-  by  18-foot  wing.  All  these  tests  were  made  at  air 
speeds  up  to  1(K)  miles  per  hour.  The  gears  were 
mounted  in  the  inverted  position  (fig.  1)  to  facilitate 
testing  and  to  remove  the  gears  as  far  as  possible  from 
the  influence  of  the  model-supporting  structure. 
Whenever  wings  were  used  during  the  tests,  they  were 
set  at  0°  incidence.  The  drag  of  the-  fuselage,  or 
fuselage  and  wing,  was  measured  with  and  without 
the  landing  gears  attached.  The  difference  between 
the  results  was  the  drag  due  to  the  landing  gear  under 
test. 

Tests  at  0°  pitch  on  several  landing  gears  equipped 
with  various  types  of  wheels. — The  drag  due  to  landing 
gears  lb.  ffa .  S,  and  lib.  each  equipped  with  various 
types  of  wheel-and-tire  units,  was  measured  at  air 
speeds  u])  to  100  miles  per  hour.  These  landing  gears 
were  chosen  because  they  had  a  wide  diversity  of  strut 
arrangement,  particularly  around  the  wheel  hub.  It 
was  Imped  that  the  results  would  show  more  gener¬ 
ally  the  effect  on  landing-gear  drag  of  substituting 
different  wheels  of  equal  weight-carrying  capacity. 

Tests  at  various  angles  of  pitch  of  landing  gears 
mounted  on  fuselage  with  and  without  the  4*4-  by  15-foot 
wing  and  engine. — Landing  gears  la  and  1  la  were 
tested  for  drag  at  various  pitch  angles  from  C>"  to 
—  iV’.  on  the  fuselage  alone,  on  the  fuselage  with  the 
I'.j-  by  15-foot  wing,  on  the  fuselage  with  the  engine 
(cmvled  and  uncowled ).  and  on  the  fuselage  with  the 
wing  ami  the  engine.  These  tests  were  made  to  as- 
tertain  the  effects  of  the  different  combinat  ions  on  the 
drag,  due  to  the  landing  gears,  at  air  speeds  up  to 
1<I0  miles  per  hour. 

Tests  at  various  angles  of  pitch  of  landing  gears 
mounted  on  fuselage  and  8-  by  18-foot  wing. — Gears  1‘2. 
Iff.  14a.  14b.  and  1 4c.  which  were  designed  for  use  on 
low-wing  monoplanes,  were  tested  for  drag  in  con¬ 
junction  with  the  fuselage  and  the  (1-  by  lH-foot  wine 
at  various  pitch  angles  from  (>  to  —5"  at  air  speeds 
up  to  100  miles  per  hour. 

Gear  14c  was  later  tested  in  conjunction  with  the 
fuselage,  the  <1-  by  18-foot  wing,  and  the  engine 
(cowled  and  uncowled)  to  get  the  added  effect  of  the 
engine  upon  the  drag  due  to  this  gear. 


PRECISION 

It  is  estimated  that  the  drag  of  wheels  alone,  wheel 
fairings,  ami  one-half  of  gear  2a  with  its  various 
modifications,  was  measured  with  a  precision  of  ±0.1 
pound.  Landing-gear  tests  made  in  conjunction  with 
th(>  fuselage  alone  are  estimated  to  be  precise  within 
—  0.5  pound,  while  tests  made  in  conjunction  with  tie- 
fuselage,  wing,  and  engine  at  various  angles  of  pitch 
are  estimated  to  be  precise  within  ±  1.0  pound. 

RESULTS  AND  DISCUSSION 

All  drag  values  presented  in  this  report  were  taken 
from  faired  curves  of  drag  plotted  against  dynamic 
pressure.  In  cases  where  check  tests  were  made  in 
the  20- foot  tunnel  on  the  results  obtained  in  the  7-  by 
10-foot  tunnel,  drag  values  are  given  for  both  SO  mi  I  e~ 
per  hour  and  100  miles  |>er  hour.  In  all  other  cases 
the  values  are  given  for  only  one  air  speed.  For  con¬ 
venience.  all  the  drag  data  presented  in  tabular  form 
are  included  on  the  figures  illustrating  the  correspond¬ 
ing  test  models.  Results  of  interference  tests,  yaw- 
tests,  and  landing-gear  tests  made  in  conjunction  with 
wings  and  engine  at  various  pitch  angles,  are  pre¬ 
sented  in  curve  form  for  ease  of  comparison. 

The  results  of  tests  made  in  the  7-  by  10-foot  tun¬ 
nel  were  corrected  for  horizontal  pressure  gradient  in 
the  usual  manner.  It  was  not  necessary  to  apply  any 
corrections  to  results  obtained  in  the  20-foot  tunnel 
because  the  pressure,  gradient,  was  negligible.  An 
agreement  of  ±0.1  pound  drag  at  SO  miles  per  hour 
was  obtained  between  the  results  of  check  tests  made 
in  the  two  wind  tunnels  after  the  horizontal  pressure- 
gradient  correction  had  been  applied. 

Wheel  tests. — Table  I  and  figure  2  show  the  compare 
tive  drags  of  all  the  wheels  tested  alone.  It  is  of  in 
t crest  to  note  that  the  27-inch  streamline  wheel  and 
t  re  has  appreciably  less  drag  than  any  other  type 
tested,  and  that  the  25  by  ll-f  extra-low -pressure 
wheel  and  tire  has  the  highest  drag  recorded.  The 
effect  of  all  these  wheels  upon  the  drag  due  to  several 
different  landing  gears  will  be  show'll  later  in  tin- 
report. 

Aerodynamic  interference  between  a  wheel  and  strut. 
Figure  ff  shows  the  variation  of  interference  drag  l>c- 
tween  the  different  wheels  and  a  single  strut  (stream¬ 
line  and  round)  alongside  the  wheel,  as  the  angle  be¬ 
tween  the  two  is  varied  from  tr  to  !>:>'.  The  inter¬ 
ference  drag  generally  increases  as  the  wheel  and 
strut  are  brought  together.  The  27-inch  streamline 
wheel  and  tire  is  affected  the  most  by  the  proximity 
of  the  strut. 

Wheel-fairing  tests. — The  drags  of  the  s.50-10  low- 
pressure  wheel  and  tire  with  various  types  of  wheel 
fairings  are  given  in  table  II  and  figures  4  to  It.  From 
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these  results  it  appears  that  a  wheel  fairing  such  as  A. 
which  covers  both  sides  of  the  wheel  and  has  a  mini¬ 
mum  of  cross-sectional  area,  is  the  best  basic  type. 
It  is  also  apparent  from  tests  of  modifications  of  this 
fairing  (A,  and  AL.)  that  the  portion  of  the  wheel 
or  tire  that  protrudes  from  the  bottom  of  the  fairing 
is  responsible  for  most  of  the  drag.  As  much  as  7 2 
percent  of  the  draft  of  the  8.50-10  wheel  and  tire  may 
la-  saved  by  totally  encasing  it  in  a  fairing  such  as 
modification  A-  of  wheel  fairing  A.  It  is  also  inter¬ 
esting  to  note  from  the  tests  of  wheel  failing  I).  which 
has  a  cut-out  in  the  side  as  large  as  the  tire  diameter, 
that  no  saving  in  drag  will  be  effected  unless  the  side 
of  the  cut-out  nearest  the  tail  of  the  fairing  is  turned 
in  so  as  to  present  no  open  edge  to  the  air  stream 
(modification  I),).  In  fact,  the  drag  of  the  wheel 
was  increased  by  the  use  of  the  unmodified  fairing 
1).  No  tests  were  made  on  ordinary  mud  guards  be¬ 
cause  previous  tests  made  in  Great  Britain  showed 
that  they  have  high  drag  (reference  7). 

The  8.50-10  wheel  in  yaw. — Figure  10  shows  how  the 
drag  of  the  8.50-10  wheel  changes  with  variations  in 
angles  of  yaw.  The  drag  of  this  wheel  is  almost 
doubled  when  it  is  yawed  15'.  Such  data  are  of  prac¬ 
tical  interest  because  many  ordinary  types  of  nonre¬ 
tracting  landing  gears  have  the  wheels  in  yaw  when 
the  cdeo  strut  is  extended.  Also,  there  are  some  types 
of  partially  retracting  gears  that  have  the  wheel 
yawed,  when  in  the  retracted  position,  and  as  much  as 
half  of  it  exposed  to  the  air  stream. 

Tests  of  one-half  landing  gear  2a  with  8.50-10  wheel 
and  various  wheel  fairings. — The  results  of  the  tests 
of  half  of  landing  gear  2a  are  given  in  table  III 
and  on  the  figures  11  to  10.  inclusive.  The  purpose 
of  this  part  of  the  investigation  was  to  determine 
whether  the  relative  merits  of  the  fairings  as  tested 
alone  were  affected  by  the  combination  of  the  fairings 
with  landing-gear  struts.  For  these  tests  all  the  fair¬ 
in'.  except  A  (modifications  A,  and  A,.),  which  were 
not  lielieved  to  be  practicable,  were  used.  Reference 
to  the  table  and  figures  will  show  that  fairing  A.  which 
bad  lower  drag  than  fairing  ('  when  tested  alone,  had 
to  l>e  modified  considerably  around  the  strut  intersec¬ 
tion  to  give  as  low  drag  as  fairing  ('  when  both  were 
combined  with  the  landing-gear  struts.  It  is  also 
interesting  to  note  in  the  case  of  fairing  K  (fig.  15) 
that  modifications  E,  and  F,  were  the  most  effective 
in  reducing  the  drag. 

Taw  teats  of  one-half  landing  gear  2a  with  8.50-10 
wheel.— F  ignre  10  shows  how  the  drag  of  one-half  gear  \ 
2a  varies  with  angle  of  vaw,  A  comparison  of  these 
data  with  those  for  the  8.50-10  wheel  alone,  will  show 
that  with  changes  in  yaw.  most  of  the  drag  increase 
of  half  gear  2a  is  due  to  the  increase  in  drag  of  the 
wheel.  The  fact  that  the  struts  are  at  angles  of 


attack  other  than  0  accounts  for  very  little  of  the 
increase  in  drag. 

Measurement  of  drag  due  to  various  types  of  landing 
gears  with  8.50—10  wheels.  0  pitch.— Table  IV  and 
figures  18  to  :if.  M4.  and  M7  to  Mb  contain  the  results  of 
tests  of  various  landing-gear  types,  all  of  which  were 
made  in  conjunction  with  tin1  fuselage.  Reference  to 
the  figures  will  show  the  differences  in  strut  arrange¬ 
ments.  It  should  be  pointed  out  that  although  all 
struts  were  of  streamline  section  the  fittings  were 
left  exposed.  When  wires  were  used  the  liftings  were 
also  left  exposed.  It  is  interesting  to  note  that  the 
substitution  of  streamline  wires  for  streamline  struts 
in  the  cases  of  gears  lb  and  lc  (lig.  lb)  and  gear- 
21)  and  2c  (fig.  21)  had  lttlc  effect  on  the  drag. 
The  results  obtained  with  gears  Mb  and  Me  (figs.  21 
and  25)  indicate  that  little  is  saved  when  struts  in 
tandem,  close  to  the  side  of  a  wheel,  are  faired 
together.  The  relatively  high  drag  due  to  landing 
gear  7  (fig.  2!))  shows  that  it  is  not  good  practice  to 
place  a  length  of  strut  close  to  the  side  of  a  fuselage. 
The  results  for  landing  gear  1 11  >  (tig.  M4)  indicate  that 
ibis  type  has  small  interference  drag.  The  drag  of 
the  wheels  alone  is  approximately  lb.5  pounds  at  luo 
miles  per  hour,  which  leaves  but  4  pounds  interference 
and  strut  drag. 

Effect  of  various  wheels  of  equal  load-carrying  capacity 
on  the  drag  due  to  landing  gears.  -The  results  of  these 
wheel  tests  are  given  in  table  V  and  the  figures  illus¬ 
trating  gears  lb.  Ma.  8.  and  lib.  Gears  lb.  Mu.  8.  and 
lib  (figs.  lb.  2M.  MO.  and  M4)  were  chosen  for  this  part 
of  the  investigation  because  they  covered  a  representa¬ 
tive  range  of  gear  structure  on  which  the  effects  of  the 
various  types  of  wheels  could  be  generally  shown.  It 
is  important  to  note  that  low-pressure  or  extra-low- 
pressure  wheels  and  tires  may  be  used  on  ordinary 
types  of  landing  gears  with  little  or  no  increase  in 
drag.  Also,  the  27-inch  streamline  wheel  and  tire, 
which  had  the  lowest  drag  when  tested  alone,  gave 
higher  landing-gear  drag  values  than  the  s.5H-|o 
wheel  and  t ire.  except  in  the  ease  of  gear  lib.  The  27 - 
inch  streamline  wheel  and  tire  is  distinctly  superior 
on  this  latter  type  of  gear.  The  results  indicate  that 
the  27-inch  wheel  and  tire  will  not  decrease  landing- 
gear  drag  unless  the  aerodynamic  interference  between 
it  and  adjacent  members  is  very  small.  This  size  of 
streamline  wheel  and  tire  was  used  because,  at  tlu* 
time  this  investigation  was  started,  the  manufacturer- 
recommended  it  for  use  on  commercial  types  of  air¬ 
planes.  However,  the  24-inch  and  the  21-inch  may 
lie  used  for  airplanes  of  M.OIN)  pounds  gross  weight  if 
the  inflation  pressure  is  increased  sufficiently.  If  tests 
bad  lieen  made  with  the  smaller  wheel-and-tire  units 
they  undoubtedly  would  hale  shown  up  more  favor¬ 
ably  than  the  27-inch  in  all  cases.  An  extension  of 
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the  entire  landing-gear  research  program  is  contem¬ 
plated  in  which  tests  will  he  included  of  the  24-inch 
and  the  21-inch  streamline  wheel-and-tire  units. 

Effect  of  wings,  engine,  and  angle  of  pitch  on  the 
drag  dne  to  landing  gears. — Figure  41  shows  the  effects 
of  the  414-  bv  15- foot-  wing,  the  engine  (cowled  and 
uncowled).  the  continuation  of  both,  and  changes  of 
pitch  angle  upon  the  drag  due  to  landing  gears  la 
and  11a.  The  effect  of  the  engine  alone  on  both  gears 
was  to  generally  increase  the  drag  with  increases  in 
angle  of  pitch.  The  wing  alone  had  an  opposite  ef¬ 
fect.  The  effect  of  the  combination  of  wing  and  en¬ 
gine  was  to  cancel  generally  the  individual  effects. 
It  made  little  difference  whether  or  not  the  engine 
was  cowled.  The  engine-and-wing  combinations  low¬ 
ered  the  drag  of  the  high -drag  gear  (gear  la)  notice¬ 
ably  over  the  result  obtained  with  tin1  fuselage  alone. 
This  difference  was  negligible  in  the  case  of  the  low- 
drag  gear  (gear  11a).  The  curves  on  figure  41  indi¬ 
cate  that  no  specific  conclusions  may  he  drawn  from 
these  data  since  no  definite  trends  were  evidenced. 
The  data  are  presented  to  show  the  factors  that  may 
affect  landing-gear  drag  hut  do  not  include  propeller- 
slipstream  effect. 

Figure  42  illustrates  how  the  drag  due  to  landing 
gear  12.  which  was  mounted  on  the  fuselage  and  the 
ti-  by  ls-foot  wing,  varies  with  angle  of  pitch.  This 
type  of  gear  has  been  commonly  used  in  recent  years 
on  airplanes  that  have  the  landing  gear  incorporated 
in  the  wing  truss.  The  results  show  that  the  drag  due 
to  this  gear  and  its  component  parts  decreases  with 
increases  of  pitch  angle. 

The  effect  of  changes  in  pitch  angle  on  the  drag 
due  to  gear  13.  with  its  various  modifications,  is  shown 
in  figure  43.  This  gear  was  mounted  on  the  fuselage 
and  the  *>-  by  ls-foot  wing.  The  general  effect  of  in¬ 
creasing  the  pitch  angle  was  to  decrease  the  drag 
due  to  the  gear.  Modification  2  gave  a  much  steeper 
slo,  ic  to  the  curve  of  drag  against  angle  of  pitch  than 
did  modification  1. 

Figure  44  shows  the  variation  of  the  drag  due  to 
gears  14a.  14b,  and  14c  with  changes  in  pitch  angle. 
The  effects  of  the  radial  eng  lie.  cowled  and  uncowled. 
on  gear  14c  and  of  wheel  fairing  ('  on  gear  14a  are 
also  shown  on  this  figure.  Again  the  drag  due  to  the 
gears  decreased  with  increases  of  pitch  angle.  This 
decrease  was  probably  due  to  the  decrease  in  air 
velocity  around  the  under  surface  of  the  f>-  by  Is. foot 
wing  that  occurred  as  its  angle  of  attack  was  increased. 
1’he  effect  of  the  cowled  and  uncowled  engine  upon 
gear  14c  was  to  increase  appreciably  the  drag  due  to 
it.  The  reason  for  the  increase  is  not  readily  under¬ 
stood.  especially  since  the  engine  did  not  have  a  simi¬ 
lar  effect  upon  the  drag  due  to  gears  la  and  11a.  Al¬ 
though  the  latter  two  gears  were  tested  in  conjunc¬ 
tion  with  the  4,4-  by  15-foot  wing  and  engine  ami 


gear  14c  was  tested  with  the  li-  by  ls-foot  wing  and 
engine,  the  most  significant  difference  between  the  test 
set-ups  was  in  the  wheel  treads.  It  so  happened  that 
gears  14a.  14b,  and  lie  were  designed  with  a  tread 
of  7  feet  *'  s  inches  instead  of  the  standard  tread  of 
0  feet  (>  inches  used  for  all  other  landing  gears.  This 
divergence  from  the  standard  was  caused  by  struc¬ 
tural  difficulties  encountered  in  the  design  of  the  test 
set-ups.  Inasmuch  as  the  wheels  of  gear  lie  were  1 
foot  2 '4  inches  farther  apart  Ilian  those  of  gear-  la 
and  11a.  it  is  thought  that  perhaps  the  air  flow  in  thi- 
outer  region  could  have  lieen  influenced  by  the  engine 
in  such  a  manner  as  to  have  higher  velocity  at  that 
point  than  at  the  location  of  the  wheels  of  gear-  la 
and  1  la.  If  this  he  true,  the  drag  due  to  am  gear  of 
the  chosen  standard  tread  and  height  would  not  neces¬ 
sarily  he  increased  bv  the  presence  of  an  engine 
mounted  as  in  this  investigation.  However,  the  rea¬ 
son  for  the  increase  in  drag  due  to  landing  gear  lie 
when  the  engine  was  present  should  he  found  and  the 
problem  will  receive  attention  in  the  proposed  pro 
gram  for  future  landing-gear  research. 

Effect  of  various  modifications  on  the  drag  due  to 
landing  gears.  0  pitch.  The  effect  of  inodifxing  each 
of  a  number  of  different  landing  gears  i'  shown  in 
table  VI  and  figures  23  to  25.  git.  -'in.  and  3g  to  57. 
In  order  to  have  a  better  understanding  of  (In-  various 
modifications  made,  it  is  necessary  to  refer  to  the 
fig'll  res.  Inasmuch  as  the  table  and  the  figures  ,-,>n 
tain  all  the  pertinent  facts  and  a  -iimiiiarx  of  result-, 
little  need  be  -jiid  here  ill  di-eiis-joii  of  the  liiolilica 
lions.  The  addition  of  wheel  fairing  ('  to  landing 
gear  3a  resulted  in  a  decrease  in  the  drag  due  to  that 
gear  of  approximately  23  percent,  which  i-  a  xerx 
siibtantial  saving.  Attention  i-  ,  ailed  to  landing 
gears  3b  and  3c.  which  arc  structurally  identical,  dif 
fering  only  in  the  manner  in  which  the  -ide  -tint-  an 
faired,  licar  3h.  which  had  the  -ide  member-  faired 
together,  had  a  drag  of  fl  pound'  at  loo  mile-  pci 
hour  in  it'  original  condition.  Ily  -iieee—ive  moddi 
cation-  this  drag  w:i-  reduced  to  27  pound-.  1  lie  big 
gc~t  saving  XX  a-  effected  bx  the  I l-e  of  wheel  falling-. 
The  strut  fairing  on  gear  3e  wa-  'tripped  from  each 
individual  memlier  until  nothing  but  round  -tints  and 
the  wheels  were  exposed  to  (he  ail  stream.  Ill  till- 
condition  the  drag  due  to  the  gear  wa-  !•>  pound- 
ill  pill  mill-  per  hour.  The  result-  of  these  te-t- 
clearly  -how  that  the  drag  max  van  from  27  pound 
to  its  pounds  at  fun  mile-  per  Iioiii  for  a  gear  of  tin- 
tv|ie.  and  indicate  the  importance  of  failing  strut- 
as  well  as  wheel-.  Modification-  to  landing  gear-  "* 
arid  14a  also  -how  the  importance  of  wheel  fairing- 
for  reducing  drag. 

Tests  on  gears  |u  and  12  -how  the  importance  ,,f 
fairing  the  wire  terminals.  Ily  -o  doing.  2.5  pound- 
drag  out  of  27.11  pound-  were  -axed  on  gear  pi.  In 


THE  IHtAli  OF  AltlPl.ANE  WIIKKI.K,  WIIKKI.  FAilM  NOS,  AM)  I.aXIUNi.  i.FAIIS  I 


{) 


tin*  cast*  <if  gear  12,  where  tin*  will's  helped  form  a 
combination  \vin«r  ami  landing-gear  truss,  ti  pounds 
drug  writ*  saved  liv  fairing  the  wire  littings.  It 
should  he  noted  that  on  this  same  gear  the  wires  and 
wing-brace  struts  aeeounted  for  more  than  half  the 
drag  tlue  to  the  complete  landing-gear  unit. 

Tests  of  gears  11a  and  111),  which  have  single  canti¬ 
lever  struts  from  the  fuselage  to  the  wheel,  indicate 
the  superiority  of  these  types  as  far  as  drag  is  con¬ 
cerned.  'I'liere  is  little  to  choose  between  the  lowest 
drug  figures  of  these  two  landing  gears.  The  lowest 
draft  recorded  for  {tear  11a  was  1N.5  pounds  at  100 
miles  per  hour,  while  the  lowest  for  gear  lib  was  17.0 
pounds  at  100  miles  per  hour.  If  modifications  A, 
and  .V.  were  applied  to  wheel  fairing  A  as  used  on 
gear  lib,  it  is  probable  that  the  drag  due  to  that  gear 
could  be  reduced  to  approximately  14  pounds  anil  11 
pounds,  respectively,  at  100  miles  per  hour.  It  is  pos¬ 
sible  to  use  such  modifications  to  a  service-type  land¬ 
ing  gear  provided  that  suitable  mechanical  arrange¬ 
ments  are  made  on  the  wheel  fairings  to  give  the 
ground  clearance  necessary  for  wheel  operation.  Tests 
made  on  these  two  gears  with  the  N. 50-10  low-pressure 
wheels  and  27-inch  streamline  wheels  without  wheel 
fairings  indicate  that  the  lowest  drag  was  obtained  by 
using  the  latter  wheels.  However,  it  is  also  clear  that 
even  though  a  low-drag  landing  gear  might  be  had 
without  wheel  fairings,  the  drag  may  be  further 
reduced  by  an  appreciable  amount  if  the  proper  wheel 
fairings  are  used. 

Landing  gear  1H  was  attached  to  the  0-  by  lx-foot 
wing  and  had  a  single  strut  extending  from  the  wing 
to  a  fork  over  the  wheel.  The  strut  was  streamlined 
and  the  wheel  encased  in  wheel  fairing  A.  with  no 
fillet  around  the  wheel-failing  and  'tint  intersection. 
The  results  'how  a  drag  of  20  pounds  at  100  miles 
per  hour  with  the  gear  in  this  condition.  Moditica-  , 
t i on  1.  which  was  an  expanding  fillet,  was  made  at  the 
'tint  and  wheel  fairing  intersection,  and  the  drag  due 
to  the  gear  dropped  to  12,  pounds.  Modification  2. 
which  was  a  continuation  of  the  wheel  fairing  to  the 
w  ing,  was  made  and  the  drag  was  again  reduced  to  1:1 
pounds  at  loo  miles  per  hour,  despite  the  large  in¬ 
crease  in  cros — ectional  area.  Tin*  drag  due  to  this 
gear  might  lx-  further  reduced  to  approximately  7  or 
S  pounds  at  loo  miles  pel-  hour  if  the  wheels  were 
entirely  encased  in  a  fairing  such  as  modification  A 
of  wheel  falling  A. 

Analysis  of  landing-gear  drag.  Tin-  result'  of  the 
analysis  of  landing  gear  drag  ale  presented  in  tables 
VII  A  and  VII  It.  in  which  all  the  landing  gears 
tested  are  classified  according  to  structural  types. 
Table  VII  A  deals  with  gear'  designed  for  attach¬ 
ment  to  the  fuselage;  table  V 1 1  M  deals  with  gears 
designed  for  attachment  to  the  wing  or  w  ing  and  fuse¬ 
lage.  An  attempt  was  made  under  each  classification 


to  isolate  the  drag  due  to  the  wheels  or  wheels  with 
wheel  fairings,  to  struts,  and  to  fittings  plus  interfer¬ 
ence.  The  drag  due  to  these  parts  and  to  fittings  plus 
interference,  is  also  presented  in  percentage  of  the  total 
measured  drag.  A  ratio  of  measured  drag  to  com¬ 
puted  drag  is  included  for  use  by  designers  in  evaluat¬ 
ing  the  drag  of  any  type  of  gear,  having  given  the 
drag  of  the  component  parts.  The  entire  analysis  is 
based  on  gear  drag  at  0  pitch  angle  and  excludes 
tile  effects  due  to  the  engine  and  the  4 if,-  by  l.Vfoot 
wing. 

Reference  to  the  tables  will  show  that  for  all  types 
of  gears  the  computed  strut  drag  constitutes  from  12 
percent  to  20  percent  of  the  total  measured  drag  due 
to  the  gears.  The  wheels  or  wheels  with  wheel  fair¬ 
ings,  as  tested  alone,  constitute  from  4<l  percent  of  the 
dragduc  to  the  gears  for  the  multistrul  types  to  about 
70  percent  for  the  single-strut  types.  Fitting-plus- 
interference  drag  varies  from  about  14  percent  of  the 
total  measured  drag  due  to  gears  of  the  multistrut 
types  to  negative  or  favorable  interference  drag  for 
the  single-strut  types. 

Some  calculations  showing  the  effect  of  2  types  of 
landing  gears  on  the  performance  of  2  classes  of  air¬ 
planes. —  A  comparison  is  made  in  table  VIII  of  the 
high  speeds  of  2  hypothetical  airplanes.  1  of  low 
drag  and  the  other  of  high  drag,  each  with  and  w  ith¬ 
out  a  low-drag  and  a  high-drag  landing  gear  (gear 
1:3.  modification  I.  and  gear  I  tc.  The  table  shows  that 
even  though  landing  gear  lie  were  made  to  retract 
fully  into  the  high-drag  airplane  the  gain  in  high 
speed  would  be  only  :’>  miles  per  hour.  However, 
retracting  the  same  gear  on  the  low -drag  airplane 
would  result  in  an  increase  in  speed  of  ls.ii  miles  per 
hour,  or  a  saving  of  2:1.1  percent  of  the  thru-t  Imrse - 
I  uwer  at  the  same  speed.  Retracting  gear  l.">  (modi¬ 
fication  1)  used  on  the  low -drag  airplane  would  result 
in  an  increase  in  speed  of  only  s.r,  miles  per  hour. 
Whet  her  or  not  the  s.r,  milc~  per  hour  increase  in  'peed 
due  to  a  ivt metallic  gear  over  gear  lo  i'  worth  the 
design  and  structural  complications  in  all  cases  js  ;i 
question  that  can  be  solved  only  by  the  designer'  of 
airplanes.  Attention  is  called  to  the  fact  that  all  hi  in  I  - 
itig-gcar  drag  data  used  in  these  comparisons  were 
scaled  up  from  results  at  Iihi  miles  per  hour  with  no 
allowance  for  the  effect  of  Reynold'  Number. 

Some  calculations  comparing  a  wire-braced  wing  and 
landing-gear  unit  with  a  cantilever  wing  and  landing- 
gear  unit. —  Figure  l.‘,  'bow  -  the  ro'ii  It'  of  t  hi'  com  pa  1 1 
son.  The  calculations  are  ha-ed  on  wing  data  taken 
from  reference  s.  and  on  landing-gear  drag  data  scaled 
from  results  at  ion  miles  per  hour  with  no  allowance 
for  the  effect  of  Reynolds  Nllliilier.  Inasmuch  as  the 
wire  bracing  on  landing  gear  12  al'o  constitutes  a  part 
of  the  wing  bracing,  any  rational  comparison  of  till' 
gear  with  any  other  gear  mu~l  take  into  account  the 
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wing  system.  It  was  considered  of  sufficient  interest 
to  compare  gear  12  mounted  on  a  conventional  Clark 
Y  rectangular  wing  with  gear  13  (modification  1) 
mounted  on  a  cantilever  Clark  Y  wing,  tapered  in  plan 
form  and  section.  Although  the  selection  of  the  types 
of  wings  as  well  as  the  wing  areas  inay  affect  the  re¬ 
sults  somewhat,  it  is  believed  that  the  wings  selected 
will  show  in  a  general  way  the  relative  merits  of  the 
two  units.  In  the  figure  the  drag  of  each  wing  and 
landing  gear  is  plotted  against  velocity,  the  angle  of 
attack  being  determined  by  the  wing  loading.  Curves 
are  also  given  for  the  complete  landing-gear  and  wing 
units.  It  should  be  noted  that  the  drag  of  the  wires  on 
gear  12  was  computed  instead  of  taken  from  the  tests 
on  that  gear  because  the  wire  truss  used  on  the  test 
set-up  had  insufficient  span  for  the  purposes  of  this 
comparison.  Brace  struts  were  not  used  on  this  gear 
and  all  wire  fittings  were  assumed  to  be  hidden.  The 
figure  shows  the  superiority  of  the  cantilever  wing  and 
landing-gear  unit  over  the  wire-braced  unit,  although 
the  difference  is  not  great. 

A  general  relationship  applicable  to  landing  gears, 
showing  the  effect  of  parasite  drag  on  the  high  speed  of 
airplanes. — Figure  4fi.  which  is  a  convenient  chart  for 
showing  the  relationship  between  a  change  in  para¬ 
site  drag  and  the  resulting  change  in  the  high  speed 
of  an  airplane,  is  included  to  simplify  the  calculation 
of  the  high-speed  change  of  an  airplane  due  to  a 
change  in  landing-gear  drag.  The  chart  is  appli¬ 
cable  to  any  conventional  airplane  and  is  considered 
to  be  fairly  accurate,  the  assumptions  being  that  the 
thrust  horsepower  and  drag  coefficient  of  the  airplane 
are  constant  for  small  changes  in  angle  of  attack  at 
the  high-speed  condition.  The  chart  shows  that  land¬ 
ing-gear  drag  must  be  appreciably  reduced  to  result 
in  much  gain  in  the  high  speed  of  an  airplane.  Of 
course,  a  percentage  change  in  high  speed  shows  more 
gain  in  miles  per  hour  for  a  high-speed  airplane 
than  for  a  low-speed  airplane.  Furthermore,  the 
landing  gear  of  a  high-speed  airplane  is  likely  to 
constitute  a  greater  percentage  of  the  total  drag  than 
that  of  a  low-speed  airplane  because  high-sliced  nir- 
planes  necessarily  have  low  drag.  This  point  is  also 
illustrated  in  the  example  given  in  table  VIII. 

Application  to  design. — In  using  the  results  presented 
in  this  report  for  air  speeds  greater  than  100  miles 
per  hour  the  question  may  arise  concerning  the  effect 
of  Reynolds  Number  on  the  drag  values.  Since  the 
drag,  in  general,  varied  closely  as  the  ratio  of  the 
squares  of  the  air  speeds  for  speeds  less  than  100  miles 
|ier  hour,  it  cun  only  be  assumed  that  this  relation 
liokls  for  higher  speeds.  Until  tests  at  higher  Rey¬ 
nolds  Number  can  be  made  the  values  of  drag  at  100 
miles  per  hour  should  be  used,  whenever  possible,  as 
a  basis  for  computing  the  values  at  higher  sjieeds. 


j  This  matter  is  of  most  importance  as  regards  quail 
titative  estimates  of  the  drug  of  landing  gears  at  high 
speeds,  there  being  only  a  small  likelihood  that  the 
order  of  merit  of  the  different  gears  will  be  changed 
appreciably  at  high  speeds. 

CONCLUSIONS 

From  the  data  presented  in  this  report  the  follow 
ing  conclusions  are  made: 

1.  The  interference  drag  between  a  single  strut 
alongside  a  wheel  and  the  wheel  generally  increase.-  li¬ 
the  angle  between  them  is  decreased. 

2.  The  interference  drag  between  a  single  strut  and 
a  low-drag  wheel  is  markedly  higher  than  the  inter¬ 
ference  drag  between  a  strut  and  a  high -drag  wheel. 
If  low-drag  wheels  are  used  to  reduce  landing-gear 
drag,  it  is  necessary  that  the  aerodynamic  interference 
between  the  wheels  and  adjacent  members  be  small, 
otherwise  there  will  be  no  reduction  in  drag. 

3.  The  drag  of  the  combination  of  a  wheel  ami 
wheel  fairing  is  due,  in  a  large  measure,  to  that  portion 
of  the  wheel  which  protrudes  from  the  fairing. 

4.  Wheel  fairings  with  cut-outs  in  the  side  should 
have  all  free  edges  that  face  the  wind  turned  in. 

5.  The  increase  in  drag  of  a  tripod  landing  gear 
in  yaw  is  due  mostly  to  the  increase  in  drag  of  the 
yawed  wheels. 

6.  The  lowest-drag  wheel  fairing  tested  gave  very 
little  reduction  in  drag  when  used  on  landing  gears 
cf  the  tripod  type,  unless  properly  modified  to  reduce 
aerodynamic  interference. 

7.  Low-pressure  and  extra-low-pressure  wheels  and 
tires  may  be  used  on  ordinary  types  of  landing  gears, 
•vith  little  or  no  increase  in  drag. 

8.  Landing-gear  struts  should  not  be  placed  dose  t<> 
the  side  of  a  fuselage  because  of  the  high  interference 
drag  created. 

0.  The  drag  of  landing  gears  of  the  more  common 
types  may  be  greatly  reduced  by  careful  fairing  of 
fittings,  wheels,  and  strut  intersections. 

10.  It  is  possible  to  design  a  landing  gear  of  reason¬ 
ably  low  drag  without  using  wheel  fairings. 

11.  The  average  fitting-plus-interferenee  drag  of 
ordinary  types  of  landing  gears  is  approximately  44 
percent  of  the  drag  due  to  these  gears. 

12.  The  combination  of  a  cantilever  wing  and  canti¬ 
lever  landing  gear  appears  to  have  less  drag  than  the 
combination  of  a  wire-braced  wing  and  gear  in  which 
the  landing  gear  is  a  part  of  the  wing  truss. 

13.  The  substitution  of  low-drag  or  retractable 
landing  gears  for  conventional  gears  on  high-drag  air¬ 
planes  will  result  in  only  a  small  increase  in  high 
speed.  For  low-drag  airplanes,  the  substitution  of 
low-drag  or  retractable  landing  gears  for  conventional 
gears  will  result  in  a  substantial  increase  in  high  speed 
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REFERENCES 

1.  Weirk.  Fretl  K. :  Full  Smle  I  M  ag  Test-  on  Various  Parts  of 

Slurry  Air|*lane  T.N.  No  271.  S  A.C.A.. 

2,  Herrustvfn.  William  II.  Jr.:  Full  Smile  Drag  Testa  on 

Various  Parts  of  Fnirehlhl  iFt*  tobin  Monoplane 

T.N  N<*.  N  At’ A  IlftO 


.1  |h  Kraii'  i  Smiih  J  ’i  lu-  A « - 1 ■« miitne  Kflfn  i  of  a  Ketraet 
aide  laimliug  to-ar  TN  V*  t.’Si.  \A<  A.  I«i3. 

I  Harris.  Thomas  A  l’ln-  7  l<>  lo  Foot  Wiml  Tunnel  of  The 
National  Advi-..r>  C..iniiiiM*e  l»*r  Aeronaut i«s  TH  No 
41.*  NAT  A  Pttl. 

.%  Wrick  Fred  K  ami  W**o»l.  I *< >i m I >1  11  Tin*  Twenty -Fool 
PmiM  llrr  Ut  -.  im-li  runnel  of  rhr  National  Advisory  Coin 
milter  f..r  Aeronaut  ie*  ’I’ll  No  :«k>.  NAT*  A  192* 

♦i  Ktoriuanu.  I'.nM  ami  II*  r r n-r*  in.  William  II  .  Jr..  Tbe 
lhterfereh«*e  hetwrrn  Strut-  in  Vtiriou-  O  mild  nations 
Til  No  Ills  NAl’A  1UT1 

7.  ItmdfteM.  V  It.  . i r r*  1  MmIwinhI.  <;  K:  Wheel-.  Fairings  ami 
Vti'lwnlv  |{  A  M  No  147li.  Itriti-h  A.Ut\.  P.KI2 
v.  Anderson.  Uuytiiom’l  F  The  Aerodynamic  T ’haraeterist ie* 
of  Thr«t*  T« | n  ie* I  Airfoil-  Tested  in  tin*  Variable-lHuislty 
Wiml  Tunnel  T  V  .V*  :u»7.  VA.t’.A.  1931 


WWm, 


- -iSym - 

s.-si  In  luvi  presHiir*  win*  I  and  tin-. 

I  »r:i«  t».  1  lb.  at  so  m.ii.k. 


mmmm. 


- - 27"  ~ 

-7  in*  h  >ir*i!Miitiin-  w  li«*« *1  nml  nr. 

I  Mil-  :.0  (I.  ;|f  SO 


25  by  11  4  extra-low  presau re  wheel  ami  tire 
Drag=^7l  lb.  at  80  w.p.h. 


lire.  30  by  f»  disk  wheel  and  - h-pre.*\sure  tire. 

30  by  “►  disk  wheel  ami  .  v  0  high -pressure  tire, 
(dotted  I 

Drag  — 5.0  lb.  (30  by  .'i I  at  SO  in.p.li. 

Drug-  tl.»  lb.  (3l*  by  0)  at  80  iu  p.ii. 

Fioi'KE  2 — Drag  and  dimensions  of  wheels 


Qt. 


Drag  of  wheel 
and  fo/ring  of 
80  m.p.  h 

Or  igtnol  , 

- -  Mod.  Ai, 

-  •  A*. 


1 

(•  Mil  RK  4 


Angle  of  strut  with  whee I ,  8 ,  degrees 
Ki'ii  HK  :s  ilrai i  Mtiuf  :unl  wIumO. 

Ni*tk  Sirwinilliif  mi  rut  of  Navy  1  Motion  Hint  rimuioH*  ratio  Air  so  m.ji.h. 


35  It 

<?9  ’  - 

i.  r  ■ 


Drag  of  wheel 
and  fair  mg  of 
80  m.p  h.,  5.3  /*. 


l-  -<?/  -D  * 


THE  DRAG  OF  AIRPLANE  WHEELS,  WHEEL  FAIRINGS,  AND  LANDING  GEARS-  I 


1 


Drop  of  wheel 
and  fairing  at 
30  m.ph.,4.6  tb. 


One  ho/f  fairing  A 

|  One  half 
i  ,  fairing  B 


- Modification  Ej 


Modification  E«  . 
gap  closed 

Drag  of  wheel  & 
and  fairing  at 
60  m.p.h.,6.4lb. 
Modified  fairmg 
tested  only  in 
conjunction  with 
hair  gear  2  a 


Modification  Ea 
free  edge  bent  in 


Furrs  »i. — Drill:  mill  dimensions  of  wheel  fniriim  C. 


i'MTi  v?> 
\  «  1  / 


FmriiE  h.-  I>raj;  unit  riimonstmis  of  whorl  fuirfn 


Open  side  to  allow 
removal  of  wheel  i 


Drag  of  wheel 
and  faming  ot 
80  m.p.  h 

Original  ,  7.  7  10. 

Modification  D„5.5  * 


One  half  fairing  B 


Modification  D, 
'free  edge  bent  in 


t9-  /i'«  i  \\ 

I  T  if 


tested  only  in 
c  on  junc  Hon  wth 
ha't  gea'  2a 


'  yLg^! 


C  Foinngs 
\  C  WheePl 


Fimrk  7. — Drug  nmt  <llmotinlonw  of  whed  fairing  U. 


FniVNK  J».  —  IMmoiiKlons  of  wh«*d  fairing  K, 


PtcrRB  10.  Drnif  of  s.r»o  10  win'd  ami  one  half  goiir  2n  in  jaw  Air  . . <1.  su  m.p.h 


Profile  11. —Drag  of  on#1  half  g<*« r  with  wheel  fairing 


FlUl'RK  12  -  -Drag  of  one  half  gear  2a  with  wheel  fairing  B. 


THK  DRAG  OF  AIRPLANE  WHEELS,  WHEEL  FAIRINGS,  AND  LANDING  GEARS-  I 
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Fiui  re  13.  Drag  of  one  half  gear  2a  with  wheel  fairing  f. 


x,  Modification  Ei 
gap  dosed 


Modification  Ei 
free  edge  bent  in 


urag  or  narr  or  gear 
at  80  m.p.h. 

Without  wheel  fairing  ,  1 1.5  lb. 
With  wheel  fairing 
u"  fillets 


/• 

/' 

/* 

/' 


,  n.e  ■■ 

.  n. o  - 

■  ,  mod.  E,  ,  9.8  ■ 

■  .  •  Ei  8  Ej.  S<?  - 

'  .  ‘  E,  8  Ei,  9.4  •• 

Modification  Ea,  front  edge 
run  into  brake  cover  plate 


Fioire  I.Y 


one  half  gear  2a  with  wheel  fairing  K. 


,  Open  side 


Fim  »E  14.  Drag  of  one  half  gear  2a  with  wheel  fairing  D. 


Drag  of  half  of  gear 
Ot  80  m.p  h. 

Without  wheel  fairing,  1 1.5  lb. 
With  wheel  foinng  ,  14.8  - 
With  wheel  fairing, 
gap  dosed  ,,10.8  •• 


Flora*  !«.— Drag  of  onehalf 


gear  2a  with  wheel  fairing  F 
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Kim  kk  17  Skoirli  of  1ns*ln>:«-  lorn  lions  ot  winy*..  ;« ti* i  ■■huhm- 

N«*TR  All  C'lirN  for  ll  h.v  I'*  wlm:  hnvo  t  hr  win**1!  lo-nijoit* 

In«’h»*!*  lo  flu*  ri*i»r  of  «iniolnnl  IoiMhui*.  Tho  from  I  of  l'imi'  I  In.  Ill*,  mol  1  !■  >' 
7  ^ ••j  iiictios. 


Fuji  rk  IN  l>niK  and  dimension*  of  K«*ar  In. 

I»ri»g  of  g**ar  «tt  100  m.p.h.  (nlron  **xt*ndnd1  :  H. 50-10  wIhm»I*.  42.5  pounds. 


THE  DRAG  OF  AIRPLANE  WHEELS,  WHEEL  FAIRINGS,  AND  LANDING  GEARS — I 


S,  No.  \  gap  filled  in,  fit  t mgs  foired 

r,  No.  2  streamline  fairing 

U,  No.  3  wheel  fairing  A 

V \  No.  4  cuffs  over  cylinder  and  fittings 

W,  No.  5  wheel  fairing  C 

X%  01  eo  extended 

Yt  *  collapsed 


Drag  of  gear  at  300  m.p.m.  (oleos  extended)  :  Found* 

8.50- -’  10  wheels  _ _  _ 44.  u 

8.50- 10  wheels,  modification  1 _  -  - 43.  0 

8.50-10  wheels,  modifications  1  and  2 —  -  -  -  — .41.0 

8.50-10  wheels,  modification  1,  2,  ami  3 _ _  .  -  ..  40.  0 

8.50-10  wheel*,  modifications.  1,  2,  3,  and  4 - - —  .  28.0 

8.50-10  wheels,  modifications  1.  2.  and  5 —  27.  o 


V.  Pirn  extended 

►  .  -  mHni'ced 


i'lutKK  25.  Drag  ami  dimensions  of  Real'  8c. 

Drag  of  gear  at  100  m.p.h.  (oieoa  extended )  :  Found * 

8.50-10  wheels,  all  struts  stream-lined - 45.  0 

8.50-10  wheels,  streamline  fnlrtng  removed  from  member*  1 .  51.5 

8.50-10  wheels,  steamllne  fairing  removed  from  members 

I  and  II -  -  _ _ 69.  0 

8.50-10  wheels,  streamline  fnlring  removed  from  members 

1.  It.  and  III _ _ _ _ _  90.  0 

8.50-10  wheels,  streamline  fairing  removed  from  members 
I.  II.  HI.  and  IV  _ 98.0 
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FioritK  80. — Drag  and  dimensions  of  gear  H. 


Drag  of  gear  at  100  m.p  h.  (oleos  extended)  :  I'vuntL* 

8.50-10  wheels.  alone _ _  -  —  44  » » 

8.50-10  wheel*,  with  modification  1 .  . . . . 44.5 

8.50-10  wh«*els.  with  modifications  1  and  2 . . .  43  »» 

H.50-  lu  wheels,  with  modifications  1.  1*.  and  - -  41.  o 

8.50-10  wheels.  with  modifications  1.  2,  3,  and  4 -  30.  0 

27 -Inch  atreamline  wheels,  with  modifications  1.  2.  ami  3  44.5 
25  b.v  11-4  low  pressure  wheels.  modifications  1.  2.  ami  8  43.  n 
.*«»  h.v  5  high-pressure  wheels,  modifications  1.  2.  and  3--  41.5 

32  by  6  high-pressure  wheels,  modifications  1.  2.  and  3  ..  .  42.  5 


Ftoura  31Uti|  and  dimension*  of  ge*r  0.  Drag  of  gear  at  100  m.p.h.  (oleos  extended)  :  8.50  10  wheels.  45.0  pounds 


Fiuuhi:  3*J. — Drag  und  dimensions  of  gear  10. 

J»iug  of  gear  at  100  m.p.li. :  Pound* 

Wheel  fairings  A -  - 1*7.  0 

Wheel  fairings  A,  strut  and  wire  tit  tings  faired  at  fuselage-.  24. 


Fioujui  33. — Drag  aud  dimensions  of  gear  11a 
Drag  of  gear  at  100  m.p.h. :  Pounda 

8. 50-10  wheels,  wheel  fairings  B _ - _ .........  20.5 

8.50-10  wheels,  wheel  fairings  C . . . 18,6 

8.50-10  wheels,  wheel  fairings  Di . . . .  19.5 

27-Inch  streamline  wheels,  strut  section  alongside  wheel _ 25.  0 

27-lnch  streamline  wheels,  airfoil  section  alongside  wheel--  22.0 


24 


REPORT  NATIONAL  ADVISORY  COMMITTEE  FOR  AERONAUTICS 


Y,  Wheel  foiring  A 


Drag  of  gear  at  100  in.p.h. :  /* »«»'/* 

8. 50-10  wheel*.  wheel  fairing*  A.  wire  111  ting*  exposed. 

brace  atrut*  off _  *8.  o 

8.50-10  wheel*,  wheel  fairing*  A,  cuff*  over  IHtlng*.  brace 

atrut*  off _  -  T-  d 

8.50-10  Wheel*,  wheel  fairing*  A,  cuff*  over  lifting*,  brace 

*trut»  on . . - - -  ---**  <• 

8.50-10  wheel*,  wheel  fairing*  A,  win'*  and  brace  afrul*  off-  18  0 
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X,  0i9O  extended 


It HTM  Drag  «imI  »*f  par  14c.  I*rag  »f  par  at  1W  m  p.h  i«hHw  Mtmrtwl) .  H.CWV  \x%  wheel*.  41.6  pnuml*. 


*.  Landing  gear  1-  mounted  on  the  fuselage  and  tin*  0-  by  18-fnot  wing.  d.  Landing  gear  Me  mo  anted  <>»  the  fuselage  and  the  d-  by  is- font  wing  with  the  engine. 

Fi«:rnK  40. — Tending  gear,  fuselage,  wing,  and  engine  combinations. 


Drag,  lb.  5  Drag,  lb 
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table:  iil— dkah  ok  half  ok  landixo  okau  2.1 

WITH  K.5IMO  WHEEL  AM)  WHEEL  KAIItlNCS 


Knit  kk  40  A  gem  ml  r**l>« t loiiMliip  a|»f»lieiitilc  to  landing  gears.  show 
inu  the  effect  of  parasite  drug  on  the  high  xp«*ed  of  airplanes, 
t  Thrust  horsepower  atnl  drug  coefficient  of  airplane  iixsiimeil  con 
stunt  for  small  change*  in  angle  of  attack  al  high  *pe>-d  condition  i 


Wheel  fairing  no. 

1  )rag  al 
HO  tu.p.h 

:  Decrease 
in  drag  at 
;  HO  tu.p.h. 

Drag  at 
100  in  p.h 

Pttu  nd * 

bounds 

Pound* 

Wheel  unfaired  . 

11  .ft 

1M.  0 

A  . 

lrt  2 

13 

ift.y 

A  ft  nodi  float  ion  Ii 

y.u 

2.  ft 

A  (modification  2) 

y.  l 

2.4 

A  (modification  3) 

HI.  0 

.y 

IP 

y.  7 

!.* 

14.  ft 

H  (l-inch  radius  fillets) 

y.  o 

2.  ft 

t* 

y.  o 

2.  ft 

14.  1 

('  (1-inch  radius  fillets) 

H.  3 

3.2 

I) . 

11.7 

—  2 

IH.3 

K  ( >.4 -inch  radius  fillets) 

11.2 

.3 

K  (l-inch  radius  fillets) 

11.0 

.ft 

K  ( 1-inch  radius  fillets -modification  Ki» 
K  (l-inch  radius  fillets  modifications  K( 

M.  h 

1.7 

and  Kj 

y.  2 

2.  3 

K  (l-inch  radius  fillets  modifications  K.> 
and  K») 

y.  4 

2  1 

14.  W 

F  (bi-inch  gap) 

14.2 

—  2.  7 

22.  t; 

F(gapclosed) 

13.  H 

-  2. 3 

TAHLK  IV.  DUAH  1)1  K  TO  VAKIOLS  I.ANIH  N<»  OKA  US 
MOKNTKD  ON  TKST  KKSKLAHK.  i»  PITCH.  N.54)  10 
WIIKKLS 


Landing 

Drag  at 

Landing 

Drag  at 

gear  no. 

100  m  |>  Ii 

gear  no 

loo  m  p  h 

/'ok  mix 

/ft)  Mill/* 

la 

42.  ft 

» 

3y  n 

lt> 

4ft.  0 

ft 

:ts.  n 

lc 

44  II 

0 

ftO  ft 

2a 

40  o 

7 

fti  ft 

2b 

47  0 

h 

44  o 

2c 

4ft  ft 

w 

4ft  ll 

2d 

43.  0 

III. 

23.  ft 

3a 

43  ft 

14a 

30  0 

3b 

44  0 

141. 

41  « 

3o 

4ft  0 

14c 

41  0 

1  Dears  mounted  on  fuselage  and  o-  by  is-foot  wine 

TAHLK  V  KKKKCT  OK  VAIOol  S  W1IKKLS  U»o\  TIIK 
DKAO  1M  K  TO  SKVKILVL  LANDINO  HKAKS  Mul  VI  KM 
ON  TKST  KKSKLAOK.  o  PITCH 


TAHLK  I. —  DHAO  OK  VAHloKS  WI1KKLS  AND  TIHKS 


Wheel 


Drag  at  I  tecreiw 
lOOth  p  h  Hi  dr  iv 


Wheel  and  tin* 


ft.ftt)  M)  low-pressure  wheel  and  lire 

27-ineh  streamline  wheel  and  tire 

2ft  by  II -4  exira-low-|iressure  wheel  and  tire 

30  by  5  disk  wheel  and  high-pressure  t  ire 

30  by  ft  disk  wheel  and  32  by  ft  high-pressure  tire 


TAHLK  Ii.  DHAO  OK  M.Ao  10  WilKKL 
WHKKL  FA1HINOS 


;  | 

I.WDIMi  HKNH  ll. 

1  >rug  ut 

Decrease  ! 

ho  tu.p.h 

|  iti  drag  ' 

/  ’))))  Kit  * 

PtU  t  li  t 

s.ftn  lo  low  pressure 

♦ft  u 

/* vitndu 

ft.  1 
ft  0 

7.  1 

'  Pet  cent 

27-ineh  streamline 

ts  II 

*.  7 

2ft  by  11  4  extra-low  pressure 

4*i  II 

2  2 

IH  0 
-10  4 

30  by  ft  high  pressure 

47  0 

4  4 

32  by  «  high  pressure 

is  ft 

7  s 

ft  » 

fi.y 

3.  3 
-13  1 

LAN  DINU  UF  A  It  3» 

WITH 

VAKIOI’S 

!  H.ftO  10  low  pressure 

'  4,  ,  1 

27  inch  streamline 

4ft  o  : 

1  /, 

2ft  hy  II  4  extra-low  pressure 

42  O 

t  ft 

30  by  ft  high  pressure 

43  0 

l  ft 

1  )rag  at 

1  kxtww 
in  drag 
at  ho 
m  p.h. 

Drag  al 

Wlieel  fairing  no. 

NO 

100 

m  p.h. 

m.p.h  I 

Pound* 

Perctnl 

Pun  nd* 

Wheel  unfaired 

»V  1 

9  7 

A 

3.  ft 

42  7 

ft.  1 

A  (modification  At) 

2  V 

ft2.4 

4  3  | 

A  (modification  Ad  . 

1  7 

72.2 

2  4 

B 

ft  3 

13.  t 

7  9 

V. 

4ft 

24  ft 

7  1  | 

I> 

7.7 

-2ft  3 

lift 

I>  (modification  D|) 

ft.  ft 

9  » 

ft.  7  i 

R 

ft  4 

-4  9 

LANDINU  «iK Alt  s 


ft  .W  10  low  |tressure 

27-ineh  streamline 

2ft  by  1 1-4  extra-low  pressure 

30  by  ft  high  pressure 

32  by  ft  high  pressure 


UNPIMI  » l  K  A  H  Ith 


*  ftl>  10  low  (iressiire 
27-Inch  streamline  . 


47  ft  s  o 

4ft  0  4  ft 

4t  ft  II 

4ft  ft  3  4 


23  ft 

21  ft  aft 


THE  DRAG  OP  AIRPLANE  WHEELS,  WHEEL  FAIRINGS,  ANI)  LANDING  < 
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jears — I 


TABLE  VI.— EFFECT  OF  VARIOUS  MODIFICATIONS 
UPON  THE  DRAG  DUE  TO  LANDING  GEARS  MOUNTED 
ON  TEST  FUSELAGE,  0°  PITCH 


TABLE  VL— EFFECT  OF  VARIOUS  MODIFICATIONS 
UPON  THE  DRAG  DUE  TO  LANDING  GEARS  MOUNTED 
ON  TEST  FUSELAGE,  IP  PITCH — I 'mitimusl. 


Condition  of  gear 

Drag  at 
100 

m.p.h. 

Decrease 
in  drag 

landing  gear  3a 

j  8.50-10  wheels . . . . 

1  Pou  ndx 
43.  5 

Percent  j 

;  8.50-10  wheels,  wheel  fairing  C . . . 

33.5 

23 

1 

LANDING  GEAR  3b 


j  8.50-10  wheels . . . ;  44.0 

j  8.50-10  wheels,  modification  1- . . . .  43.0 

8.50-10  wheels  modifications  l  and  2 . !  41.0 

8.50-10  wheels,  modifications  1,  2,  and  3 . .  40. 0 

I  8.50-10  wheels,  modifications  l, 2,  3,  and  4 _  1  28.0 

8.50-10  wheels,  modifications  1,  2,  and  5 _  1  27. 0 


LANDING  GEAR  3c 


2.3 

a  8 

9. 1 
30.  4 
38.6 


Condition  of  near 


Drag  ut  ! 

100  j 

m.p.h.  1 


I Jecrease 
in  drag 


I 


FUSELAGE  WITH  0-  BY  18-FOOT  WING  LANDING  GEAR  14a 


8.50-10  wheeLs. .  _ 

8.50-10  wheels,  wheel  fairing  C 


i^iunds  Pi trend 

39. 0 

20.  (»  |  33.  3 


TABLE  VI I -A. — ANALYSIS  OF  LANDING  GEAR  DRAG 

LANDING  GEARS  DESIGNED  FOR  ATTACHMENT  TO 
FUSELAGE.  AIR  SPEKD^loo  M.P.H. .  IP  PITCH 


8.50-10  wheels  . . . 

h. 50-10  wheels,  fairing  removed  from  I  _  _  . 

8.50-10  wheels,  fairing  removed  from  I  and  II . 

8  50-10  wheels,  fairing  removed  from  I.  II,  and  III. 
8.50-10  wheels,  fairing  removed  from  I,  II,  III,  and 
IV . . . . 


45. 

0 

. 

51. 

5  i 

-14.4 

69. 

0 

-31.  1 

90. 

0  | 

-  100.  0 

98. 

• 

-117.7 

LANDING  GEAR  7 


!  1 

8.50-10  wheels,  mollification  1. . . . 

56.0  | 

-8.  0 

Landing  gear 


E 


3 

C. 

c 


TRIPOD  TYPES 


LANDING  GEAR  8 


8  50-10  wheels .  . 

8.50-10  wheels,  modification  1  .  . 

8  50-10  w  heels,  modifications  1  and  2  . 

8  50-10  wheels,  mollifications  1,  2,  and  3 
8  50  10  wheels,  modifications  1.  2.  3,  and  4  . 


44.0  | . 

44.5  J  -1.1 
43  <1  2.  3 

41.0  6.8 

30.0  31  K 


LANDING  GEAR  10 


8.50- 10  wheels,  w  heel  fairing  A  .  27. 0  ! 

h  50-10  wheels,  wheel  fairing  A.  strut  and  wire  I 
fittings  faired  at  fuselage . . .  24.5  9  3 


LANDING  GEAR  11a 


8  50  10  wheels,  wheel  fairing  II  ... .  . 

20  5 

8.50  io  wheels,  wheel  fairing 

18  5 

9.  8 

8.50  10  wheels,  wheel  fairing  1).  modification  Dj 

19.  5 

1.  9 

27-inch  streamline  wheels,  strut  section  alongside 
wheel . 

25.  0 

-  22  0 

27-Inch  streamline  wheels,  airfoil  section  alongside 
wheel .  . .  ..  . 

22.  0 

7  3 

LANDING  GEAR  111) 


n  50 10  wheels  .  .  23  5 

a  so  10  wheels,  wheel  fairing  A  .  17  5 


FUSELAGE  WITH  n-  BY  18-FOOT  WING  LANDING  GEAR  12 


8  50  10  wheels,  wheel  fairing  A,  wire  fittings  ex¬ 
posed,  brace  stmts  off  _  38. 0  I 

h. 50-10  wheels,  wheel  fairing  A,  cuffs  over  fittings. 

brace  stmts  off  . .  32.  o  I 

8  50-10  wheels,  wheel  fairing  A,  cuffs  over  fittings,  i 
brace  stmts  on  .  .  39. 0  j  . 

8.50-10  wheels,  wheel  fairing  A,  wires  and  brace  1 
stmts  off _  .  .  .  . .  18. 0 


FUSELAGE  WITH  6-  BY  18-FOOT  WING  LANDING  GEAR  13 


8  50-10  wheels,  wheel  fairing  A  .  . 

20.0 

H .50-10  wheels,  wheel  fairing  A,  modification  l 

13.0 

35.  0 

f  W-IOwhwb,  wh»l  hiring  A.  modUlrstlon  J 

13.0 

35. 0 

/./. 

l* 

U> 

Lb 

Lb 

la  .  . 

6.  2  ] 

19  4 

25.fi 

42.5 

16.9 

14  ft 

45.  7 

39  7 

lot, 

lb 

4.3  j 

19.4 

23.  7 

45.  0 

21.3 

9  ft 

43.  2 

47  2 

1  90 

2u 

1  6.0  1 

19  4 

25.4 

4ft.  0 

20.  ft 

13  0 

42.  0 

45  0 

1  80 

2b 

7.9  ' 

19  4 

27.  3 

47  0 

19.  7 

1ft.  h 

41.  2 

42.  0 

1  73 

2c 

4.  3 

19  4  . 

23.  7 

45.  5 

21.  8  I 

9.  4 

42.  ft 

48.0 

1  92 

2.1 

6.  3  , 

19.4  ! 

25.  7 

42  7  , 

170  1 

14.  ft  , 

45.  4 

40  0 

1  ftft 

:iu 

5.7  ! 

19.4 

25.  1 

43.  5 

18  4 

12.8  1 

44  7 

42  5 

1  73 

3b 

5.4  | 

19.4  < 

24.8 

44.0 

19.2 

12,2 

44  0 

43  8 

1  > 

6 

,  7. 9  ; 

19  4 

27.3 

50.  5 

23.  2 

15  2 

38  5 

45  8 

1 . 85 

7 

7.  8 

19.  4 

27.  1 

51.5  ! 

24.  5 

15.0 

37.  5 

47  5 

1  90 

8 

«.  4  , 

19.4  ■ 

25  8 

44  0 

18.2 

14.5 

44  2 

413  , 

i  ;ti 

9 

6.  7 

19  4 

2»>.  1 

45  0 

18  9 

15  0 

43  1 

41  9 

1.  73 

A  verage 

ft.  2 

19  4 

25.  ft 

45.  ft 

20.0 

13.  ft 

4  2.  7 

43,  7 

1  78 

TRIPOD  TYPES 

(WITH  WHEEL  FAIRINGS 

’ 

:<a 

5.7 

i  14.  2 

19  9 

33.5 

1 

1 3.  ft  1  ft.  9 

42.4 

40  7 

1  t*9 

3b 

5.  4 

14.2 

19.  ft 

i  27  0 

7  4  i  20  0 

52.  5 

27.  5 

1  38 

8 

ft.  4 

10.9 

17  3 

j  30  0 

12.7  21  3 

3ft  4 

42  3 

1  73 

Average 

5  8 

13  1 

18  9 

30.  2 

11.2  19.4 

43  8 

3ft.  8 

1.  tin 

HORIZON T A  1  .-A X I.K  T Y PES 

4 

ft  1 

'  19  4 

25.5 

38.  7 

1  ! 

1  13.2  15.7 

50.  0 

34  3 

l  52 

5 

7ft 

;  19  4 

27  0 

380 

|  M  O  20  0 

510  . 

29.  0 

1  41 

A  verage 

ft.  8 

19.4 

1 

2ft  2 

38.  3 

!  12  l  IT  8 

50.  5 

1 

31  ft  ' 

1  4ft 

SINGLK-S'I 

I'KUT 

TYPES 

1  la  > 

3.  5  | 

15.  ft 

19.2 

1  25.0 

5.8  140 

1 

02  7  , 

23  3 

130 

1  Ih  >  ! 

3.  5 

15.  ft 

19.2 

22.0 

,  2.8  1ft  0 

71.  1 

12.9 

1  15 

Mb  i 

3.  8 

15.6 

19.4 

|  21  5 

2.1  17.4 

72.  8  | 

9.8  ' 

1  II 

A  verage 

3.  ft 

15.  ft 

19.  3 

22.8 

,  3.  ft  15,  8 

68.  9  | 

15  3 

1  19 

SINGLE-STRUT  TYPES  (WITH  WHEEL  FAIRINGS! 


10 

7  5  ' 

12.  1 

19.6 

27  o  ; 

7.4 

27.8 

44  8 

27  4 

Ma 

2.  ft 

14.2 

1ft  8  ; 

18. 5 

1.7 

9  2 

77.0 

14  0 

iib 

3.8 

12.  1 

15.9 

17  5 

1.  ft 

21  6 

69.  1 

9  3 

A  verage 

4  6 

12  8 

17.4  i 

21.0 

3.6 

19.  5  1 

63  ft 

■ 

w.»  ■ 

i  Strut  section  alongside  wheel 
*  Airfoil  section  alongside  wheel. 


I 
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TABLE  VII-B—  ANALYSIS  OF  LANDING-GEAR  DRAG  ' 
LANDING  GEARS  DESIGNED  FOR  ATTACHMENT  TO  WING 


Air  Speed  =  100  M.IMI.  0°  Pitch 


3 

s 

s 

,| 

i 

s 

|8 

i  g 

as 

8 

i 

u 

DC 

U  g  | 

* o 

DO 

2 

Landing  gear  ts  1 

*o  i 

* 

'o 

3 

TJ 

98 

1-  DC 

DC 

© 

■5 

ce  and  fl 
drag 

C  2 

u  a 

If 

If 

"5  * 

®  © 

=■§  1 

11.  gil 

-  u.1  *51-3 

«  .Si 

I  4)  j 

j  g  j 

i  a  i 

I 

i 

® 

J? 

§T 

s 

o 

U 

1 

3 

I 

*5 

c 

£ 

•£ 

k> 

V 

a 

3s 

HT3 

£ 

£ 

IS 

O-g 

8 

8 

3S=  1 1 
isi]  I  I 

r9i  II 

TRIPOD  TYPES 


TABLE  VIII. — EFFECT  OF  TWO  TYPES  OF  LANDING 
GEARS  ON  THE  PERFORMANCE  OF  TWO  CLASSES  OF 
AIRPLANES 

LOW- WING  CANTILEVER  MONOPLANES 


Example  I  Example  II 

High-drug  Lou -drug 

uirplune  airplane 


Assumptions: 

Highs[ieed  i  gear  retracted », miles 
per  hour  . .  .  135  220 

Thrust  horsepower  available  400  4<m 

Drag  of  airplane  at  high  s|ieed 
l gear  retracted),  |x Minds  I.  1  to  *is2 

Wine  loading,  jxnmds  jmt  square 
foot  11'  12 


Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

i 

14a . .  . 

4.9 

19.4 

24.  3 

39.0 

14.7 

12.6 

49.8 

37.  6 

1  <10 

Mb . 

4.9 

19.4 

24.  3 

41.0 

16.7 

11.8 

47.4 

40.8 

1.  65 

14c . 

i.V 

19.4 

24.3 

41.0 

18.7 

|*i 

47.2 

40.7 

1.68  : 

A verage .  . 

1  *•» 

19.4 

24.3 

39.7 

18  0 

12.2 

48.  1 

39.7 

1  64  ! 

TRIPOD  TYPES  (WITH  WHEEL  FAIRINGS) 

1 4a  ..  4.9  1  14.2  19.1  |  2*5  0  .  0.  y  :  IH.9  54.7  20.4  1.35 

I  ;  1  i  ' 

WIRE  BRACED  (INCH'  DING  WING  BRACING) 


1  2  ( w  i  l  h  o  u  (  '  !  :  1  i 

brace  struts;  j  22.  2  |  12. 1  j  34. 3  3*  0  ;  3.  7  An  5  1  31. 5  ;  9.  7  ,  1  10 

12  (with  brace 

st  ruts  1 .  24.0  ,  12.1  ;  36.  1  j  45  U  H.  9  5.3.4  26.9  19  7  1.  21 


AIRPLANES  F.gi  IPPKI)  WITH  LOW-DRAG  AND  HIGH  DRAG 
GEARS 


Derived  data. 

Landing-gear  l vpe  13  tniod  Mr  13  > mod  Mr 

1 1  i  l  ■ 

Anj.de  of  attack  of  wine.  degrees  l  o  I  u  3  u  .3  u 

I  >rag  of  gear  at  HN>  miles  jier  hour. 

(HMiuds  15  u  tin  i  7  13  o 

Draj;  <»f  (rear  at  high-speed  «smdi- 

tiou,  pounds  27  3  71  n  V*  u  2ns  u 

Percentage  drag  of  airplane  due 

to  gear..  2  1  0  3  III  23  I 

Percentage  reduction  in  high  f 

speed  due  to  gear  .8  2  2'  3  9  *  »! 

Reduction  in  Ingh  s|*eed  due  to 

gear,  miles  |»er  hour  II  3u  s  •>  lv9 

Percentage  of  thrust  horse|*ower 

absorbed  by  gear  24  u  3  111  23  I 

Thrust  horsepower  uhsnrl>ed  by 

gear  9  *>  25  2  41  3  93  *> 


CANTILEVER  (WITH  WHEEL  FAIRINGS) 


1  In  presence  of  w  iiil*  and  fuselage,  no  engine 


13  (modifiea-  1  :  '  1  t 

tion  1).  2.0  10.9  1  12.9  13.0  i  0  1  I  15.  2  84. 0  >  U  K  l  l)l 

13  ( modifiea*  |  !  \  <  '  1 

tion  2)  _  11.  8  .  M9.H  21.0  .  13.0  O'  1  .00 

i  L>wer  half  w  heel  fairing 

1 1 'omputed  from  tests  of  w  heel  fairings  A  and  Aj.  i 


S  fiiOVI  ■MMC  NT  flMNTtHC  OFftCI  ttJ4 


Positive  direction*  of  tn*  sod  angles  (force#  and  moments)  are  shown  by  arrow# 


Aids 

s 

Force 
(parallel 
to  axis) 
symbol 

Moment  about  asig 

Angle 

Velocities 

? 

f>Diigrs*hiou 

Sym¬ 

bol 

Designation 

Sym¬ 

bol 

Positive 

direction 

Designa¬ 

tion 

Sym¬ 

bol 

Linear 
(compo¬ 
nent  n!ollg 
axis) 

Angular 

Longitudinal _ 

-V 

X 

Rolling . 

L 

Y - -Z 

Itotl...... 

* 

U 

P 

Lateral.  _ 

V 

Y 

Pitching.  . . . 

M 

7. — -.Y 

Pitch... . 

9 

V 

<? 

Normal . . . 

z 

Z 

Yawing . 

'-V 

x —  r 

Yaw..... 

* 

_ 

V* 

T 

Absolute  coefficients  of  moment 
L  \f 

Ci~ql8  C~~fcS 


(rolling) 


(pitching) 


Angie  of  sat  of  control  surface  (relative  to  neutral 
-  N  position),  8.  (Indicate  surface  by  proper  subscript.) 

Cn“qbS 

(yawing) 


4.  PROPELLER  SYMBOLS 


1), 

Diameter 

P. 

Geometric  pitch 

pllK 

Pitch  ratio 

V', 

Inflow  velocity 

v„ 

Slipstream  velocity 

T, 

♦  Tl 

Thrust,  absolute  coefficient  €r  — 

Q, 

Torque,  absolute  coefficient  Cp — 

P,  Power,  absolute  coefficient  Cr — “*2>* 

C„  Speed-power  coefficient  — 

if,  Efficiency 

n,  Revolutions  par  second,  r.p.s. 

<P,  Effective  helix  angle  «•  tan 


5.  NUMERICAL  RELATIONS 


!  hp.  •->70.04  kg-tn/s»550  ft-lb./sec,  1  lb, -*>0,4536  kg. 

i  metric  horsepower®*  1.0132  hp.  I  kg -=2.2046  lb. 

1  uup.U.  “0.4470  zn.p 3.  I  niL  — 1,600.35  ns  —  5,230  ft, 

1  in.p.s.  -2.2369  m.p.b.  1  m  -3.2S0S  ft, 


